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STUDY OF VARIOUS INnlIENcES ON "E3 MTINCPION OF MFI?FANE- 
OXYGEN DETONATIONS BY FINE FOWDERS 

BY 

P. Laffitte, R. Delbourgo, J. Cambourieu and J. C. Dumont 
Laboratoire de C h i d e  Generale - Sorbonne - PARIS 

Since  our l a s t  c o n t r i b u t i o n  to this s u b j e c t  (1) a cons iderable  impulse 
has been given, e s p e c i a l l y  i n  t h e  United S t a t e s ,  t o  the Study o f  flame extinc- 
t i on ,  i n h i b i t i o n  and r e l a t e d  phenomena and an impor tan t  e f f o r t  has been made 
to coord ina te  i n v e s t i g a t i o n s  c a r r i e d  out  i n  t h i s  f ie ld ,  to  promote fur ther  re- 
search  and to br ing  to the  knowledge of workers throughout t h e  world a l l  possi- 
b le  information on t h e  topic, 

m e  ex i s t ence  of an ex tens ive  and exhaus t ive  Survey Report  on t h e  Action 
of flame Extinguishing Agents by R. FilIEDLi: and J.B, tV (2) t oge the r  wi th  t h e  
regular publ ica t ion  by the  Fire Research C o m i t t e e  under t h e  Sponsorship of t h e  
PlationaUResearch Abstracts and Reviews (3) mill au thor i ze  us t o  c u t  s h o r t  any 
h i s t o r i c a l  developnent on t h i s  subject and r e f e r  the reader i n  sea rch  of such 
information to references 2 and 3. 
,(Rc,clrck CoVrrct( , e[ Gre - -  -.l 

5ll our experiments were c a r r i e d  o u t  on t h e  mixture CQ +2 9 whose I 

de tona t ion  v e l o c i t y  i s  well determined and of t h e  order  of 2300 mfs. 3hereas  pre- 
vious i n v e s t i s a t i o n s  had been carried ou t  w i t h  var ious  mixture concent ra t ions  
and i n  some cases  with hydrocarbons o the r  than methane we have t h i s  time exten- 
s i v e l y  s tud ied  t h e  behaviour of s toechiometr ic  methane oxygen mixture a t  atmos- 
pher ic  pressure. The lay o u t  of t h e  apparatus allows fo r  mixtures  to be made ou t  
under cons t an t  volume i n  a mixing vesse l  where each c o n s t i t u e n t  i s  introduced 
under i t s  o m  p a r t i a l  p ressure ,  &thane used i s  pure grade 992 and i s  des s i ca t ed  
before  admission, Oxygen i s  de l ive red  fron comcercial  cy l inde r s  and i s  a lso  t rea-  
t e d  by phosphorus pentoxide. The new and i n t e r e s t i n g  p a r t  of the apparatus 
c o n s i s t s  of t h e  de tona t ion  tube  and t h i s  w i l l  be descr ibed  i n  some d e t a i l .  

The de tona t ion  tube  is made of perspex, sheathed by a p l a s t i c  v inyl  
tubing- This device has  proved e f f e c t i v e  i n  t h e  sense  t h a t  t h e  tube i s  no t  shat-  
tered t o  p ieces  a s  was t h e  case Vri th  g l a s s  tubes; reproducib le  and w e l l  def ined  
dondi t ions  p r e v a i l  & each experiment. The tube  i t s e l f  c o n s i s t s  of two p a r t s  
separa ted  by a s p e c i a l l y  b u i l t  slide va lve  which i s  mechanically z r iggered  open 
synchronously vrith the i g n i t i o n  device,  The tube  i s  v e r t i c a l  w i t h  an in s ide  dia- 
meter of 16 mm. The t o p  p a r t  i s  40 cm long and t h e  bottom p a r t  200 CQ. The ipi- 
t i o n  i s  s t a r t e d  a t  t h e  bottom by a srnall de tona to r  and t h e  de tona t ion  t r a v e l s  

The s l i d e  va lve  ( f i g u r e s  1 and Z) c o n s i s t s  mainly of a t h i n  glucinium 
bronze blade 3/10 t h  of a. mm t h i ck  which e i ther  shu t s  t h e  cocnnunication between 
t h e  txo tubes o r  i n s t an taneous ly  sets the  conp le t e  ape r tu re  open, The s h u t t e r  
mechanism has a c e r t a i n  number of advantages mainly i n  t h e  sense t h a t  being 
extremely t h i n  t h e  sudden opening of t h e  s l ide  in t roduces  a s  l i t t l e  a s  poss ib le  
per turba t ion  to t h e  mixture  contained i n  t h e  tube,  a l s o  t h a t  t h e  a p e r t u r e  of t h e  

upiard. 
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valve being exac t ly  the  tube diameter  it t h e r e f o r e  does not  in t roduce  any diame- 
ter v a r i a t i o n  a t  its passage, t h i r d l y  t h a t  it has been poss ib le  t o  u s e  t h i s  de-  
v ice  to in t roduce  the  pulver i sed  mater ia l  i n t o  t h e  mixture by s e t t i n g  t h e  wei- 
ghed sample on t h e  s l i d e  p r i o r  t o  any o t h e r  s t e p  i n  the experiment then allowing 
t h e  two p a r t s  of the tube  to  be f i r s t  evacuated ( t h e  s l i d e  valve being VactlllIl 
t i g h t  through t h e  use of 0 r i n g s )  then f i l l e d  with the  combustible mixture & 
the same pressure.  In t r i g g e r i n g  the valve open and i n  s e t t i n g  the i g n i t i o n  
s t a r t e d ,  t h e  powder is set)! f r e e  t o  f a l l  and d i s p e r s e  fac ing  t h e  de tona t ion  
f r o n t  t r a v e l l i n g  u p a r d  towards it. 

The luminous henomenon is  recorded by t h e  c l a s s i c a l  r o t a t i n g  lrum 
camera on aKodak Tr$x .a f i lm and d i f f e r e n t  record ings  a r e  given i n  f i c p c e s  3 to 
l2- I n  p a r t i c u l a r  it can be seen  i n  f i g u r e  3 which r e l a t e s  t o  t h e  detonat ion of 
CHq 9 2 (& mixture with no powder a t  a l l  t h a t  i m p o r t m t  fundamental condi t ions 
are met with,  namely t h a t  the  detonat ion is w e l l  es tab l i shed  and s t a b l e  throu- 
ghout the propagation and a l s o  t h a t  t h e  s l i d e  valve which has been s e t  open a t  
t h e  i g n i t i o n  i n s t a n t  has  n o t  introduced any per turbat ion.  

The pulver ised substance s tudied  has  been potassium b i t a r t r a t e  which hac6 
previously proved t o  he a good i n h i b i t o r  and which has t h e  advantage of being 
e a s i l y  prepared i n  f i n e  f r a c t i o n s  and of n o t  being too hygroscop ic ,S i l i cawas  
also i n v e s t i g a t e d  i n  sone c a s e s  i n  order  t o  confirm previous r e s u l t s  obtained 
with i t  and a l s o  to draw tt p a r a l l e l  between t h e  two samples. 

The sample i s  f i r s t  crushed mechanically and then s ieved down t o  a f rac-  
t i o n  pass ing  through 450 mesh. This f r a c t i o n  is  f u r t h e r  reduced by passing 
through d RoIIer  Air E l u t r i a t o r  and Two f r a c t i o n s  c m  be obtained i n  this \pay, 
one w i t h  an average diameter 4 lop and another  rnith an average diameter 
< a p  I n  each case t h e  s p e c i f i c  s u r f a c e  a r e a  has  been measured by t h e  Rigden 
a i r  permeabi l i ty  method. 

A r e l a y ,  conveniently energised,  is able  t o  introduce a delay  between 
the  opening of t h e  valve and t h e  i g n i t i o n  of t h e  mixture. This enables  the  ope- 
r a t o r  e i t h e r  to obta in  a simultaneous i g n i t i o n  and opening of t h e  s h u t t e r  set- 
t i n g  t h e  powder f a l l i n g ,  o r  on t h e  cont ra ry  to start the powder f a l l i n g  8 few. 
f r a c t i o n s  of  a second p r i o r  t o  i g n i t i o n -  

In a c t i n g  in t h i s  w a y  on the  de lay  between the opening of  the  va lve  
and t h e  i g n i t i o n  one i n  f a c t s  acts upon the  d ispers ion  of t h e  sample which if 
of course b e t t e r  dispersed i f  t h e  de lay  is longer,  I n  t h i s  way a powder (potas- 
sium b i t a r t r a t e )  of average p a r t i c l e  s i z e  .( 10; is l i k e l y  t o  d i s p e r s e  from 
0 to 68 cm when the  de lay  int-roluced v a r i e s  f r o  0 t o  0,6 sec. 

Table I summarizes t h e  r e s u l t s  obtained with such a sample where r 
(average r a d i u s )  is < 10 )- 3,2!5? and where S is t h e  s p e c i f i c  sur face  
a rea  of  t h e  sample i n  c&/g -; i n  t h i s  case  s =46W c&/g 
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t c 0,15 0,2 0,s or4 0,48 0,5 G,6 

.. 
%30 Z390 3160 4910 6160 7440 7560 : 

: h  - 10 14 24 37 31 54 58 

- 119 1 2  101 83 73 71 68 : G  

i s  t h e  Extinguishing mass, expressed i n  ag, i. e. t h e  minivm weight of  e a t e r i a l  
t o  ob ta in  the  c a r p l e t e  qdenching of a de tona t ion .  

i s  t h e  he i zh t  i n  cm a t t a i n e d  by t h e  f a l l i n g  powder. h 

. r i s  t h e  t o t a l  ex t inguish ing  su r face  a rea  i n  c& , i. e. a. S. 

i s  t h e  average ex t in su i sh ing  d e n s i t y  expressed i n  su r face  of t h e  powder 
by v o l w e  u n i t  of t h e  cloud a t  t h e  e x t i n c t i o n  po iz t .  c&/c$ 

& , ('I = vo1w.e o f  t h e  d u s t  cloud = h x a rea  of t h e  croos-section of 
t h e  tube).  

This t a b l e  S h O ' i S  a c e r t a i n  nuinber of c h a r a c t e r i s t i c  f e a t u r e s  : 

1. The n i n i ~ m  q u a n t i t y  i n  weight necessary  f o r  e x t i n c t i o n  i s  t h a t  obtained 
r i t h  a de lay  of 0,15 sec ,  t h a t  i s  a f t e r  t h e  cloud has d ispersed  10 cn dormwards; i f  
t h e  delay i s  longer,  t h e  ?o;i%er i s  more and more d i spe r sed  ana t h e  quan t i ty  necesszry 
f o r  eh t inc t ion  increases .  s ninirnm l i spc- rs ion  i s  the re fo re  necessary  and is -!ore 
e f f e c t i v e  than none, .'lhen l i s p e r s i o n  inc reases  over t h i s  c r i t i c a l  va lue  then the  
c'ensity of t h e  cloud becomes s a a l l e r  and a l a r g e r  q u a n t i t y  becones necessary to ob- 
t a i n  the  sane e f f ec t .  

2. Sxcept i n  t h e  c s e  ?:here t = O  , i. e. no d i s p e i s i o n ,  t h e r e  seem t o  >e 
a rehiation of the form: 

4 

, 

'uebveen t i e  ext inguish ing  mass and t'ne del3y. 



The l a r g e r  p a r t i c l e s  t oge the r  wi th  t h e  smal le r  ones f a l l  wi th  r e spec t ive  
v e l o c i t i e s  v and v t  which a re  r a p i d l y  a t t a i n e d ,  t h e  heiGht of d i spe r s ion  of 
t h e  f a l l i n g  cloud being. 

h I) ( V  -v*) t 

- k = c t e  
"r; v - v '  .'. m = k t  

Therefore t h e  nininun e x t i n p i s h i p g  dens i ty  viould be  cons tan t .  

i inis has led u s  t o  p h o t o p a p h  tb.e f a l l i n 5  of t n e  s m p l e  by recording t h e  
d i f f r a c t e l  l i s h t  along a s l i t  p a r a l l e l  t o  t h e  tube. Such a pho togaph  i s  shown i n  
f i g u r e s  13 and 14. 

'Jsincj t h e  values of h we have ca l cu la t ed  thne werl-ge ex t in su i sh ins  
dens i t i e s .  per u n i t  vo1uc.e of c o r h u s t i b l e  mixture  expressed i n  number of nil l imoles 

n being t h e  t o t a l  number of millimoles of pov:der conta ined  i n  the tuSe. 4 per  cc 

3. The dens i ty  G- decreases  r a p i d l y  when t increases ,  reaching  however a 
l i m i t  value.  

Table I1 shows t h e  exFer iaenta1  d a t a  obta ined  v:ith a coa r se r  s m p l e ,  < 20). t h e  averacje diameter i n  t h i s  ca se  i s  0,4) , tine s p e c i f i c  area S is  
la0 cS/cj. 

These r e s u l t s  shovr t h a t  t h e  l i m i t  v a lue  o f  t h e  dens i ty  is  a t t a ined  with 
t 2 0,3 see.  Conparins T z S l e s  I and I1 one can see  t h a t  2 i r c r e a s e s  when h is 
l n c r e a s e l ,  c ho;';ewer decreases  and t e d s  t w a r l s  a l i m i t  nhich is mre r q i d l y  

, 
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3045 1460 c 2.6-is ' xo .15u3 1 4773 1 4 8 5  5 4 4 0 ;  
i f 

19,4 7,41 14,6 17,s %,5 27,6 : 
! 
1 

47EO 2290 4510 5340 6660 I 7500 75% E4.G : 
b 

- 13.5 ZS 48,5 70 79 60 9 0 .  

- 84.4 77,4 53.7 47,s 47,2 47,l 472 : 

- 2,73 '&90 , 1,74 1.53 1 ,52 1.52 1,53 : 

Coilpared xitin Table II t h i s  sanple  :.hich i s  coa r se r  than sample I1 shovis 
m i nc rease  i n  m, ainimun q u a n t i t y  necessary :or ex t inc t ion ,  h t h e  d i spe r s ion  
he igh t  i s  a l s o  g e a t e r ,  and 4 decrease nhen t inc reases ,  t h e  l in i t  values 
Seinrj reached 2s e a r l y  a s  0,3 sec .  

t he  s p e c i f i c  a rea  being S = 6,11 i+/g 
TaSle I V  s u m a r i z e s  tho  r e z u l t s  obtained :;ith s i l i c a ,  pass ing  a 450 mesh, 

T a 3 E  IV 
t 0 0,15 G 2  G,6 

i n  o rder  tc conpare theex,perimental d a t a  obtained we have ca l cu la t ed  t h e  
l i n i t  v e l o c i t y  of t h e  d u s t  p a r t i c l e s ,  assming each p a r t i c l e  t o  be sphe r i ca l  and 
fellinz independantly. Th i s  has l ed  u s ,  for a de l ay  of 0,6 sec ,  t h a t  i s  f o r  t h e  
g r e a t e r  poss ib l e  d i spe r s ion  to a va lue  of 



i n  order  t o  a t t a i n  a po in t  s i t u a t e d  1 m below t h e  s h u t t e r  i n  0,6 sec- The powder 
the re fo re  f o n s  clusters of an average r a d i u s  of 63 microns. 

Discussion: 

A c e r t a i n  nunber of u s e f u l  c o m e n t s  can be  made by the c a r e f u l  observa- 
t i o n  of t h e  pho topaph ic  record ings ,  

F i au re  3: shovrSa de tona t ion  f r e e  of powder passing tAkough t h e  s l i d e  va lve  
'(blackspace a t  t he  upper p a r t )  without any disturbance. The i n t e r v a l  between 
two black marks a t  t h e  t o g  r e p r e s e n t s  1C a. 

Ficu re  4: shows a de tona t ion  w i t h  2coo mg of  potassium bi ta r t ra te ( l0) .  - no 
de lay  between t h e  opening of the  s h u t t e r  and t h e  i g n i t i o n ,  R a c t i c a l l y  a l l  t h e  
powder i s  s t i l l  a t  t h e  level of the s l i d e  va lve  *en t h e  de tona t ion  f r o n t  reaches 
it, an a t t s n u a t i o n  o f  the v e l o c i t y  is apparent passed t h e  va lve  be fo re  t h e  deton- 
t i o n  c a r r i e s  on its way. 

F icu re  5 : Same condi t ions  w i t h  2cl5 mg ins t ead  of 2coo mg- Ext inc t ion  is priscti- 
c a l l y  obtained a t  t he  valve,  a small flame i s  seen t o  propagate a t  areduced velo- 
c i t y  a f t e r  t h e  passage o f  t h e  valve.  

F i c u r e  6 Delay 0,3 sec between opening t h e  s h u t t e r  and i g n i t i o n ,  m = 1040 ng; t h e  
l m i n o u s  p a r t  o f  the  r eco rd ing  i m e d i a t e l y  before  t h e  s l i d e  va lve  co inc ides  wi th  
t h e  p o s i t i o n  o f  t h e  d u s t  f r o n t  as measured by t h e  d i f f r a c t e d  l i g h t  method ( f i g d 4 ) .  
T h i s  i s  i m e d i a t e l y  followed by a dark  zone where t h e  v e l o c i t y  is seen  t o  be redu- 
ced. The q a a n t i t y  m being less than  t h a t  necessary f o r  ex t i r lc t ion  t h e  w e  passes 
through t ! e  s h u t t e r  and is seen t o  propagate a t  t h e  upper p a r t  of the tube w i t h  a. 
reduced v e l o c i t y  before t h e  de tona t ion  i s  reformed. 

F icu re  7 
t i o n  i s  obtained. The same luminos i ty  and v e l o c i t y  reduct ion  a s  i n  figure 6 a r e  
observed. 

shows t h e  same phenomena, 10 q over  t h e  1C40 ng used i n  f i g u r e  6, extine- 

F icu res  8. 9 and 10 are a series w i t h  a de l ay  o f  0,4 sec where t h e  luminosity i s  
seen  t o  appear e a r l i e r  i n  t h e  r eco rd ing  ( t h e  de l ay  being longer t h e  powder has 
t r a v e l l e d  f u r t h e r )  the same v e l o c i t y  reduct ion  i s  observed be fo re  ex t inc t ion  is  
obtained ( f ig .  10). 

Fiaure 11 

F icu re  12 0,2 sec, This record ing  i s  i n t e r e s t i n g  i n  t h e  
sense  t h a t  'cao re - ign i t ions  a r e  observed none o f  them leading  t o  t h e  reformation of 
a t r u e  de tona t ion  before the  end o f  t h e  t&e is reached, 

concerns a s t i l l  longer  d e l a y  (0,5 sec) t h e  luminosity starts earlier-  

concerns s i l i c a ,  2150 mg, 

F i m r e s  13 2nd 14 

has- been obtained with a de lay  of 0,6 with  potassium b i t a r t r a t e  < 45OP , The dens i ty  
of t h e  cloud appears t o  be m a x i m  towards t h e  cent re ,  F igure  14 i s  f o r  a de l ay  of  
0,3 S , 

are r e l e v a n t  t o  powder samples f a l l i n g  along t h e  tube  ( d i f f r a c t e d  
each black i n t e r v a l  i s  10 an d i s t a n t  from t h e  next one, Figure 13 

t h e  powder has reached  50 cm, t!!e d i s t r i b u t i o n  is bet ter  than i n  f i g u r e  13. 

I 

1 

d 
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Co -IC 1 u s i  on : 

Tie genera l  conclusions t h a t  can be  d r a m  from t h e  observa t ion  of t h e  
da t a  presented  are the following. 

events. A r educ t ion  o f  v e l o c i t y  is always observed a f t e r  the wave has t r a v e l l e d  
f o r  soae length through t h e  d u s t  cloud. During t h i s  propagation a s t rong  excita- 
t i o n  of tho, l ux inos i ty  i s  observed. Tinis i s  immediately followed b y  an important 
reduct ion  i n  luminos i ty  (probably due t o  the cool ing  e f f e c t ) ,  According to 
whether t h e  d u s t  q u a n t i t y  is s u f f i c i e n t  o r  no t  to produce e x t i n c t i o n  t h e  wave 
r r i l l  e i t h e r  proceed wi th  a reduced v e l o c i t y  qnd reform a de tona t ion  f u r t h e r  along 
t h e  tube o r  proceed a s  an uns t ab le  de f l ag ra t ion  o r  else become completely extin- 
guished. 

1. Ext inc t ion  always preceeds through the same reproducib le  f l l n o f  

i 

, 

b 

, 

These events  a r e  p e r f e c t l y  reproducib le  and t h e  i n h i b i t i o n  nechanisa is 
one of d i s s o c i a t i o n  of t h e  combustion and de tona t ion  waves, tIne e f f e c t  being t o  
reduce t h e  flacce v e l o c i t y  e i t h e r  opera t ing  a s  an i n p o r t a n t  hea t  s ink ,  reducing +he 
temperature o r  by@& o the r  aechanisrn such a s  a: chain  breaking one ( 4 ) ,  t o  tine 
po in t  where t h e  f l a 3 e  cannot r e a c c e l e r a t e  enough to  r e f o n  t h e  detonation. 

20 The e f f e c t  of d i spe r s ion  s h w ~  that  a minimm d i spe r s ion  i s  necessary 
t o  ob ta in  ninimum c p a n t i t i e s  of mater ia l .  I n  t h e  case  of o n  exper inents  a t ine 
l a g  of C,15 sec has proved t o  be optimum. This corresponds to a he igh t  of d i sper -  
s ion  of SC cm below t h e  slide valve.  

E Table  I I1 and I11 show t h a t  the r a t i o  - , t he  average extin- 

tends  towards a lbit  value, more o r  less r a p i d l y  
V 

Suishing d e n s i t y  Gc&/  cz? 
a t t a i n e d  according to  t h e  average p a r t i c l e  size. 

3, The f i n e  p a r t i c l e s  remain nea res t  t h e  s l i d e  va lve  n h i l e  the coarser  
ones f a l l  more rap id ly .  Ex t inc t ion  i s  only  obta ined  i f  propagation through the  
cloud can r each  t h e  f i n e  po r t ion  o f  t h e  sanple. 

4. Potassium b i t a r t r a t e  i s  d e f i n i t e l y  a better i n h i b i t o r  than  s i l i c a  
with which too  l a rge  q u a n t i t i e s  a r e  necessary to be s ign i f i can t .  

condi t ions  and reproducib le  results, I n  s tudying  one s o l e  mixture (Stoechiometric 
nethane oxygen) and i n  ex tens ive ly  examining t h e  behaviour o f  one s o l e  i n h i b i t o r  
( n m e l y  potassium b i t a r t r a t e )  we have w i l l i n g l y  l imi t ed  t h i s  paper t o  the  in f lu -  
ence of d i spe r s ion  on t h e  ex t inguish ing  phenomenon. Other f a c t o r s  w i l l  be s tud ied  
sys t ema t i ca l ly  i n  t i e  near  fu ture .  

au CdRS, f o r  h i s  he lp  and ingedbs i ty  i n  bu i ld ing  t h e  s l i d e  va lve  and o the r  p a r t s  
of t h e  equipment used. 

YIe have i n  t h i s  work endeavoured to ob ta in  d e f i n i t e  experimental  

The au thors '  thanks a r e  due t o  R. FGciuwiIZR, Col labora teur  technique 
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Figure 2 
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